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ABSTRACT 


Technical  Report 

Data  acquisition  software  has  been  developed  for  the  wind  tunnel  tests  of  the 
auxiliary  air  intake  of  the  Jindivik  pilotless  target  aircraft  in  the  AMRL  Low 
Speed  Wind  Tunnel  (LSWT)  using  the  new  Pressure  Systems  Incorporated  ffSI) 
8^W0  Measurement  System  under  the  control  of  an  IBM  PS/2  computer.  The 
recent  upgrade  of  the  data  acquisition  system  for  the  LSWT  and  the  replacement 
of  the  mechanical  Scanivalve  pressure  measuring  system  with  PSI  electronic 
pressure  scanners  has  required  major  modifications  to  be  made  to  existing 
software.  To  minimise  the  changes  needed  and  to  provide  compatibility  with 
data  processing  for  previous  tests  the  data  acquired  by  the  PSI  electronic 
pressure  equipment  are  transferred  to  the  dedicated  LSWT  DEC  PDP-11/44 
mini<omputer  for  storage  and  processing.  This  report  describes  the 
development  and  operation  of  new  software  for  the  LSWT  tests  of  the  Jindivik 
auxiliary  air  intake. 


APPROVED  FOR  PUBLIC  RELEASE 


DSTO-TR-0043 


Department  of  defence 

- ^ - 

DEIOICE  SOSKE  AND  1K31NC>UXrr  OBGANlSATfON 


DTie  QUALITY  INSPECTED  6 


Published  by 

DSTO  Aeronautical  and  Maritime  Research  Laboratory 
GPO  Box  4331 

Melbourne  Victoria  3001  Australia 

Telephone:  (03)  626  7000 
Fax:  (03)626  7999 
©  Commonwealth  of  Australia  1994 
AR  No.  007-100 
AUGUST  1994 


APPROVED  FOR  PUBLIC  RELEASE 


Data  Acquisition  and  Processing  Software 
for  the  Low  Speed  Wind  Tunnel  Tests 
of  the  Jindivik  Auxiliary  Air  Intake 


EXECUTIVE  SUMMARY 


In  May  1990  an  experimental  test  program  was  conducted  in  the  ARL  Low 
Speed  Wind  Tunnel  to  evaluate  various  configurations  of  the  auxiliary  air  intake 
in  a  Jindivik  target  aircraft  model.  The  results  showed  that,  with  appropriate 
design  of  the  auxiliary  intake,  significant  improvement  in  the  engine 
performance  of  the  aircraft  during  take-off  can  Ik  achieved.  This  led  to  a 
production  design  of  the  concept  which  had  been  modified  to  include  three 
swivelling  louvres  that  could  be  opened  at  take-off  and  closed  in  cruise  flight.  To 
verify  the  performance  of  the  production  design  a  second  wind  tunnel  test 
program  was  conducted. 

Since  the  first  test  program,  the  scanivalve  mechanical  pressure  measuring 
equipment  in  the  Low  Speed  Wind  Tunnel  has  been  replaced  with  a 
sophisticated  and  more  efficient  high  speed  electronic  pressure  measuring 
system  which  operates  under  the  control  of  an  IBM  PS/2  personal  computer. 
New  data  acquisition  software  needed  to  be  developed  for  the  second  test 
program  to: 

1.  collect  and  record  the  experimental  data  from  the  new  pressure 
measuring  equipment; 

2.  convert  the  data  into  a  format  which  is  compatible  with  the  previous 
test  results; 

3.  transfer  the  test  data  from  the  IBM  PS/2  personal  computer  to  the 
DEC  PDP-11  /44  mini-computer  for  processing  and  storage. 

The  new  data  acquisition  system  ako  required  the  existing  software  on  the  PDP- 
11/44  computer  to  be  modified  to  process  the  new  test  data.  The  major 
modifications  to  the  data  processing  software  involved: 

1.  changes  in  the  pressure  calibration  equations  to  convert  the  raw 
pressure  data  into  the  correct  units; 

2.  the  inclusion  of  logic  statements  to  distinguish  the  previous  test  data 
from  the  new  data  so  that  the  software  could  process  both  the  old  and 
the  new  test  results; 

3.  changes  in  output  routines  that  generate  hard  copy  outputs  fi*om  the 
new  HP  LaserJet  III  laser  printer  instead  of  the  HP  7220T  pen  plotter. 

In  this  report  the  functions  of  the  new  data  acquisition  software  are  described, 
and  the  operational  procedures  to  be  adopted  when  using  the  software  are 
explained.  DetaUs  of  dte  modifications  to  tlw  existing  data  processing  software 
on  the  PDP-11  /44  computer  are  also  documented. 
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NOTATION 


DCeo 

m 

rhy/TolPo 

N 


Px 

Pa 

Po 

P. 


Pt 

T, 


T 

V 


Vel 

X 


a 

AP 


X 


Pv 


Distortion  factor  across  the  engine  face 

Engine  air  mass  flow  rate,  kg/s 

Engine  face  air  mass  flow  parameter 

En^ne  rotational  speed,  RPM 

Pressure  before  the  venturi  throat,  kPa 

Atmospheric  pressure,  kPa 

Wind  tunnel  free  stream  total  pressure,  kPa 

Static  pressure,  kPa 

Total  pressure  at  the  engine  face,  kPa 

Pressure  recovery  (average  of  Pt/Po  at  the  engine  face) 

Temperature  at  the  venturi,  K 

Wind  tunnel  free  stream  temperature,  K 

Nominal  test  airspeed,  m/s 

Actual  test  airspeed,  m/s 

Distance  of  static  pressure  probe  from  the  engine  face  along 
the  intake  duct,  m 
Model  pitch  angle,  deg. 

Model  yaw  angle,  deg. 

Pressure  drop  across  the  venturi  throat,  kPa 

Expansibility  factor 

Venturi  pressure  ratio 

Density  of  air  at  the  venturi,  kg/m^ 


Subscripts 

1 

60 

avg 

a 

o 

s 

t 


Conditions  at  the  venturi  meter 

Average  value  over  60°  sector  at  5°  intervals 

Average  value  over  the  engine  face 

Atmospheric  value 

Wind  tunnel  free  stream  total  value 

Static  value 

Total  value  at  the  en^ne  face 


1  INTRODUCTION 


A  research  and  development  program  to  improve  the  take-off  performance  of  the 
Jindivik  target  aircraft  was  carried  out  at  ARL  during  1990  and  1991  [1]  to  ex¬ 
plore  the  concept  of  an  auxiliary  air  intake  system  which  would  be  deployed  during 
take-off  and  closed  at  cruise.  An  experimental  test  program  to  evaluate  various  con¬ 
figurations  of  the  auxiliary  air  intake  was  conducted  in  the  2.7  x  2.1  m  Low  Speed 
Wind  Tunnel  (LSWT)  in  May  1990  [2].  Significant  improvements  in  the  engine 
performance  during  take-off  were  achieved  and  this  led  to  a  production  design  of 
the  concept.  A  second  wind  tunnel  test  program  was  carried  out  in  November  1991 
to  confirm  the  performance  of  the  production  design  which  had  been  modified  to 
include  three  swivelling  louvres  that  can  be  opened  at  take-off  and  closed  in  flight. 

In  the  first  wind  tunnel  test  program  [2],  the  pressures  at  the  engine  face  and  along 
the  air  intake  duct  were  measured  using  Scanivalve.^  and  the  data  were  acquired  and 
processed  on  a  DEC  PDP-11/44’  minicomputer.  Since  then,  a  new  data  acquisition 
system  has  been  installed  in  the  LSWT  and  the  Scanivalves  have  been  replaced  by  a 
Pressure  Systems  Incorporated  (PSI)  8400  Measurement  System  under  the  control 
of  an  IBM  PS/2^  personal  computer  via  a  National  Instruments  MC-GPIB  adaptor. 
These  upgrades  required  major  changes  to  be  made  to  the  data  acquisition  and 
processing  software  for  the  second  test  program  even  though  the  test  set-up  was 
basically  the  same  as  the  first  one. 

To  minimise  changes  to  the  existing  data  processing  software  which  was  described 
in  Reference  4,  the  data  acquired  by  the  IBM  PS/2  were  transferred  to  the  PDP-11 
computer  via  an  RS-232  serial  line  and  stored  in  the  same  format  as  in  the  previous 
test.  Modifications  to  the  software  were  made  in  such  a  way  that  previous  test  data 
may  also  be  processed  by  the  new  versions  of  the  data  processing  programs. 

This  report  describes  the  development  and  operation  of  the  new  software  for  testing 
the  Jindivik  auxiliary  air  intake  in  the  LSWT. 


2  EXPERIMENTAL  SET-UP 

A  1/4  scale  model  of  the  Jindivik  air  intake  system  was  mounted  in  the  centre  of  the 
LSWT  test  section  as  shown  in  Figure  1.  The  en^e  air  flow  was  simulated  with 
a  remote  duplex  blower  which  sucked  air  through  the  model  iidet  duct  via  flexible 
steel  coil  reinforced  tubing  and  a  tilted  steel  down  pipe  which  passed  through  the 
floor  of  the  test  section  to  a  venturi  flow  meter. 

Total  pressure  measurements  at  the  engine  face  were  made  with  a  30  probe  rake  [2]. 
The  orientation  of  the  probes  and  their  numeral  designations  are  shown  in  Figure  2. 
Internal  static  pressures  were  measured  with  tubes  tapped  into  the  duct  wall  at 
right  angles  and  fitted  flush  with  the  surface  at  15  axial  locations  along  the  air 

'DEC  sad  PDP-11  ate  tcfbtcted  tnde  maila  of  Diptal  EqnipiiieBt  CotporatwB 
*1BM  aad  PS/3  are  icgbtered  trademarte  of  bteraatiooal  BnaiiieM  tfadiinea  CaepotatkiB 
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intake  duct,  and  6  tapping  points  equally  spaced  around  the  engine  face  location 
in  the  duct,  as  shown  in  Figures  2  and  3.  These  tappings  were  connected  to  two 
32-port  pressure  scanners  of  the  PSI  8400  Measurement  System  which  was  used  to 
collect  the  pressure  data. 


3  DATA  ACQUISITION  SYSTEM 

The  daia  acquisition  system  was  based  on  a  PSI  8400  Measurement  System  under 
the  control  of  an  IBM  PS/2  computer  via  a  National  Instruments  GPIB  interface 
adaptor.  Figure  4  shows  a  schematic  layout  of  the  data  acquisition  system.  The 
seriid  port  of  the  PS/2  was  connected  to  terminal  port  TT5  of  a  DEC  PDP-11/44 
mini-computer  to  allow  data  to  be  transferred  to  the  PDP-11  for  storage  and  pro¬ 
cessing.  A  dumb  terminal  connected  to  terminal  port  TT6  of  the  PDP-11  was  used 
to  input  the  air  flow  parameters  at  the  venturi  meter  (in  the  previous  test  program, 
these  parameters  were  read  out  by  an  operator  through  a  microphone,  over  a  high 
background  noise  level,  to  another  operator  at  the  wind  tunnel  control  room).  The 
hardcopy  outputs  of  the  test  results  were  printed  from  a  Hewlett-Packard  (HP) 
LaserJet  III  laser  printer  connected  to  terminal  port  TT7  of  the  PDP-11.  The  8- 
pages-per-minute  laser  printer,  which  replaced  the  sluggish  HP  7220T  pen  plotter 
that  was  used  in  the  previous  test  program,  signiflcantly  reduced  the  printing  time 
of  the  test  results. 

For  proper  communications  between  the  PDP-11  and  the  PS/2,  the  serial  line  con¬ 
necting  the  two  computers  had  to  be  set  at  a  baud  rate  of  4800.  On  the  PDP-11 
side,  this  was  set  with  the  command: 

SET  TERMIHAL/SPEED=48O0/N0ECH0  TT5: 


At  the  PS/2  end,  the  Une  speed  was  set  by  the  program  JINl  (see  section  4.1).  The 
terminal  lines  TT6  and  TT7  of  the  PDP-11  were  set  at  9600  baud  with  the  commands: 

SET  TERMIHAL/SPEED=9600/N0SLAVE/ECH0  TT6: 

SET  TERMIIAL/SPEED=96OO/ir0SLAVE/.ECH0  TT7: 

to  match  the  communication  speeds  of  the  dumb  terminal  at  the  Venturi  meter 
and  the  HP  LaserJet  III  laser  printer  respectively.  A  detailed  description  of  the 
experimental  set-up  is  given  in  Reference  3. 


4  DATA  ACQUISITION  SOFTWARE 

The  basic  data  acquisition  and  control  program  for  the  8400  Measurement  System 
on  the  IBM  PS/2  is  the  Macro  Command  Processor  (MCP).  The  configurations  of 
the  measurement  system  —  such  as  the  number  of  pressure  ports,  the  calibration 
specifications  for  the  pressure  scanners,  the  manner  in  which  the  pressure  data  are 
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to  be  collected  and  so  on  —  are  coded  in  a  macro  file.  Each  macro  consists  of  a 
sequence  of  statements  which  are  either  PSI  System  8400  commands  (see  Chapter  5 
of  the  PSI  System  84  00  Users  Manual)  or  instructions  to  the  program  MCP  to  perform 
specific  tasks.  The  macros  used  in  the  Jindivik  auxiliary  air  intake  test  are  contained 
in  the  file  JIVDIVIK  .MAC,  which  is  listed  in  6dl  in  Appendix  A.  Explanations  of  the 
commands  are  given  as  comments  (Haes  beginning  with  the  single  quote  character) 
throughout  the  file.  Two  of  the  more  important  macros  defined  in  JUDIVIK.NAC 
are  considered  in  some  detail  in  the  following: 

1.  Init  —  The  initialisation  macro.  This  macro  sets  up  pressure  port  configura¬ 
tions  and  the  calibration  specifications  for  the  transducers.  Important  items 
incorporated  into  the  macro  were  that: 

•  two  5-psid  pressure  scanners  were  employed, 

s  all  32  ports  of  scanner  1  and  the  first  27  ports  of  scanner  2  were  used, 

•  the  pressure  transducers  were  to  be  calibrated  at  —5.0,  —3.0,  —1.0,  0.0, 
1.0  psid, 

•  when  acquiring  data,  each  pressure  value  was  to  be  averaged  over  50 
readings  taken  at  5  millisecond  intervals. 

2.  Data  —  The  get-data  macro.  At  the  start  of  the  macro,  the  user  was  prompted 
to  enter  a  data  file  name  and  a  line  of  description  for  the  test  point.  It  then 
executed  the  program  JIHl  to  initialise  communications  with  the  PDP-11  and 
started  the  program  JIMOIVIK  on  the  PDP-11.  The  program  JIMDIVIK  would 
prompt  the  operator  at  the  venturi  to  input  the  flow  parameters  of  the  blower 
before  returning  program  execution  control  to  MCP  on  the  PS/2,  and  then  the 
command  to  acquire  data  was  issued  to  the  8400  Measurement  System.  After 
receiving  the  averaged  pressure  data  value  &om  the  8400  System,  the  macro 
executed  another  program  JIM2  to  pass  the  results  to  the  program  JINDIVIK 
running  on  the  PDP-11  and  to  write  the  results  to  data  files. 

4.1  Programs  JINl  and  JIM2 

The  programs  JINl  and  JIN2,  written  in  Turbo  programming  language  on  the 
PS/2,  were  responsible  for  exchanging  information  and  transferring  data  to  and  from 
the  PDP-11.  At  the  start  of  the  Data  macro,  after  the  user  had  entered  the  data 
file  name  and  test  description,  JINl  would  be  executed  to  establish  the  link  between 
the  PS/2  and  the  PDP-11.  The  major  functions  of  JINl  were  to: 

1.  Initialise  the  serial  port  (COMl:)  of  the  PS/2  to  4800  baud  and  set  up  the 
necessary  parameters  and  routines  for  successful  communications  over  the  se¬ 
rial  line.  The  source  codes  of  the  communication  routines  were  contained  in  a 
separate  file  JINCOHN.C. 

*’nitbo  C  is  a  tegiatered  trade  mark  of  Borland  International  Inc. 
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2.  Start  the  program  JIHDIVIK  on  the  PDP-11  by  sending  the  following  PDP-11 
commands  down  the  serial  line: 

••t  t«rm/no«cho 
run  jindivik 

3.  Obtain  the  following  test  parameters  from  the  operator  in  the  wind  tunnel 
control  room: 

•  the  attitude  (a  and  /3)  of  the  model, 

•  atmospheric  pressure,  and 

•  tunnel  air  temperature. 

4.  Send  the  name  of  the  data  file  and  the  day’s  date  to  the  PDP-11. 

5.  Wait  for  the  JINDIVIK  program  on  the  PDP-11  to  return  with  air  flow  param¬ 
eters  of  the  blower  before  exiting  and  returning  control  to  MCP. 

After  the  MCP  regained  control  of  the  program  execution  from  JINl,  it  sent  the 
acquire-data  command  to  the  8400  Measurement  System  to  obtain  the  pressure 
values  (in  Ibf/in^)  from  the  scanners.  It  then  executed  the  program  JIN2  in  which 
each  pressure  value  was  multiplied  by  1000  and  converted  to  a  4-digit  integer  before 
being  sent  to  the  PDP-11  to  be  stored  on  an  RL02  disk  The  conversion  of  the 
pressure  data  into  integer  format  was  to  made  comply  with  the  data  format  of  the 
previous  test  program  [4]. 

The  program  JIHl  was  built  from  the  code  in  the  source  files  JINl.C,  JINCOMM.C 
and  SERIAL. H.  The  source  code  for  JIN2  is  contained  in  JIN2.C,  JINCOMM.C  and 
SERIAL .  H.  These  files  are  listed  in  Appendices  B  through  to  E  for  reference. 


4.2  Program  JINDIVIK 

The  program  JINDIVIK  was  written  in  FORTRAN  on  the  PDP-11.  It  was  executed 
by  the  program  JINl  from  the  PS/2  via  the  serial  communication  line  at  the  be¬ 
ginning  of  each  acquire-data  command.  After  receiving  the  data  file  name  and  the 
day’s  date  from  the  PS/2  sent  to  it  by  JINl,  the  JINDIVIK  program  prompted  the 
operator  at  the  venturi  meter  to  enter  the  air  flow  parameters: 

•  upstream  pressure,  P], 

•  upstream  temperature,  Ti ,  and 

•  pressure  drop  across  the  venturi,  AP, 

via  the  keyboard  of  the  dumb  terminal  connected  to  port  TT6  of  the  PDP-11  com¬ 
puter.  It  then  signalled  to  the  program  JINl  on  the  PS/2  that  all  parameters  at  the 
Venturi  had  been  entered  and  that  acquisition  of  the  pressure  data  could  proceed. 
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and  then  waited  until  pressure  data  arrived  from  the  PS/2.  The  relevant  data  of  the 
test  were  written  to  two  separate  files  (with  extensions  .DAT  and  .  JCS)  of  different 
formats  [4].  The  .DAT  file  was  in  the  the  conventional  LSWT  pressure  measurement 
data  file  format  and  was  not  used  in  the  present  analysis.  The  format  of  the  .  JCS 
file  was  the  same  as  that  described  in  Reference  4  and  was  used  as  an  input  file 
by  programs  CAL  JIM.  PLTPS,  PLTPT  and  PLTCIT  [4]  for  processing.  Both  data  files 
were  written  to  the  directory  DL1:[100,7}  on  an  RL02  disk  with  the  label  JINAIR. 
The  source  code  for  the  program  JIHDIVIK  is  contained  in  the  file  JIVDIVIK.FTM 
and  is  listed  in  Appendix  F. 


5  MODIFICATIONS  TO  THE  DATA  PROCESSING  SOFTWARE 


As  in  the  previous  test  [4],  the  data  at  each  test  point  were  processed  by  the  program 
CALJIV.  The  programs  PLTPS ,  PLTPT  and  PLTCIT  [4]  were  used  to  produce  hardcopy 
graphical  outputs  in  the  form  of: 

•  a  graph  of  the  ratio  of  intake  static  pressure  (P,)  to  tunnel  freestream  total 
pressure  (Pg)  versus  the  axial  location  in  met.,.,  (x)  along  the  air  intake  duct 
away  from  the  engine  face  towards  the  intake  lip.  An  example  of  this  type  of 
graphical  output  is  given  in  Figure  5, 

•  a  graph  of  the  average  ratio  of  total  pressure  at  the  engine  face  (P()  to 
freestream  total  pressure  (Pg)  versus  the  normalized  mass  flow  rate  {m^/T^/ Pg), 
as  shown  in  Figure  6,  and 

•  a  cross-sectional  contour  plot  of  Pt/Po  at  the  engine  face,  as  shown  in  Figure  7. 

The  definition  and  method  of  calculating  the  distortion  factor  DCeo  appearing  in 
the  outputs  are  described  in  detail  in  Reference  4. 

Although  every  endeavour  was  made  to  maintain  data  and  software  compatibility 
with  the  previous  series  of  tests,  the  hardware  configuration  of  the  new  data  ac¬ 
quisition  system  necessitated  modifications  to  the  abore  programs.  There  were  two 
major  areas  of  modifications;  viz,  processing  of  raw  pressure  data  and  printer  output 
routines. 


5.1  Processing  of  Raw  Pressure  Data 

The  main  program  for  processing  the  data  of  the  Jindivik  auxiliary  air  intake  test 
is  CALJII.  The  raw  transducer  values  (averaged  over  50  readings)  were  input  from 
the  data  file  with  the  name  in  the  form  "JIIxxx.  JCS”  where  xxx  is  the  test  point 
number,  as  in  the  first  series  of  tests. 

In  the  previous  Scanivalve  system,  a  set  of  four  calibration  equations  were  required 
to  convert  the  transducer  readings  into  real  pressure  values.  Pressure  ports  3  and  4 
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were  connected  to  a  constant  pressure  source  of  21.0  kPa,  equivalent  to  the  scani- 
valve  transducer  reading  of  590  approximately.  This  was  assigned  to  the  variables 
JPIIBSS(3)  and  JPRESS(4)  in  the  program  and  used  in  the  calibration  calculations 
(see  Section  2.2.2  of  Reference  4).  The  8400  Measurement  System  p'^rformed  the 
calibration  internally  and  the  pressure  values  were  converted  into  Ibf/in^  before  be¬ 
ing  sent  to  the  PS/2  where  they  were  multiplied  by  1000  and  stored  in  the  data  file. 
Hence  when  processing  the  data  obtained  with  the  new  system,  no  calibration  equa¬ 
tion  was  needed  except  the  conversion  of  the  pressure  values  from  x  1000  Ibf/in^  to 
Pa.  Pressure  ports  3  and  4  were  connected,  in  this  case,  to  a  constant  pressure  source 
in  the  range  of  200  to  300  Pa  (equivalent  to  0.029  to  0.044  Ibf/in^ ,  and  recorded  as 
an  integer  value  in  the  range  of  29  to  44  in  the  data  files).  The  comparatively  small 
values  &om  these  2  pressure  ports  were  used  as  a  convenient  indication  that  the 
8400  Measurement  System  was  in  use  and  that  the  new  conversion  scheme  is  to  be 
employed.  The  old  Scanivalve  system  conversion  scheme  is  retained  in  the  program 
so  that  data  Horn  previous  tests  can  also  be  processed. 

There  are  two  major  modifications  to  the  calculations  of  the  engine  mass  flow  pa¬ 
rameter,  Firstly,  the  mass  flow  rate,  m,  which  was  expressed  in  Ib/s  in 

the  previous  test,  is  converted  to  kg/s  in  the  new  software.  Secondly,  the  old  soft¬ 
ware  used  atmospheric  temperature  and  pressure  in  the  expression  my/T^fPo.  In 
the  present  test,  the  total  temperature  and  pressure  in  the  test  section  of  the  wind 
tunnel  are  used  instead.  The  details  of  the  equations  used  in  the  calculation  of  the 
air  mass  flow  rate  are  given  in  Appendix  G. 

In  the  graph  of  {Pt/Po)ava  versus  rhy/TolPot  two  straight  lines  representing  con¬ 
stant  engine  speeds  of  12000  and  13800  RPM  were  represented  respectively  by  the 
equations: 


my/T^ 

~Po 


0.1780  ) 

\  *oavg/ 


rhy/T^ 


These  two  equations  are  different  from  those  given  in  page  13  of  Reference  4  because 
the  units  of  rh  and  pressure  in  the  previous  tests  are  in  Ib/s  and  Ibf/in^  respectively, 
but  in  the  new  tests  the  units  of  rh  and  pressure  are  in  kg/s  and  kPa. 


5.2  Printer  Output  Routines 

After  processing  each  test  data  point  the  program  CAL  JIN  produced  a  one-page 
summary  of  the  results  (an  example  of  which  is  shown  in  Figure  8,  the  definitions 
of  the  symbols  appeared  in  the  printout  are  explained  in  Reference  4)  on  a  LaserJet 
III  laser  printer.  This  was  made  possible  by  attaching  a  string  of  PCL^  context 
printer  commands  [5]  at  the  beginning  of  the  print  file,  which  set  up  the  character 
font  specifications  and  page  margins.  These  commands  were: 

*PCL  is  •  Mgbtcrcd  trade  mark  of  Hewlett-Packard  Company. 
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<ESC>E 

—  reset  printer, 

<ESC>(8U 

—  select  Roman-8  font  style, 

<ESC>(80P 

—  fixed  character  spacing, 

<ESC>(8l2H 

—  12  character  per  inch. 

<ESC>(8l0V 

—  10  points  character  size, 

<ESC>(80S 

—  upright  characters. 

<ESC>(80B 

—  normal  character  stroke, 

<ESC>(83T 

—  courier  t3rpeface. 

<ESC>\ftal0L 

—  left  mar^n  =  10, 

<ESC>\ta5N 

—  right  margin  =  5, 

<ESC>\tl4E 

—  top  margin  =  4, 

<ESC>\»160F 

—  60  lines  per  page. 

<ESC>\A100 

—  portrait  orientation. 

where  <ESC>  is  the  “escape”  character  code  (ASCII  value  27).  These  commands 
may  be  put  into  a  condensed  form  by  grouping  and  combining  them,  as  described 
in  the  LaserJet  III  Technical  Reference  Manual  [5],  in  the  following  manner: 


<ESC>E 

<ESC>(8U 

<ESC> (80pl2hl0v0s0b3T 

<ESC>tal015l! 

<ESC>tl4660f00 


In  the  program,  these  commands  were  coded  into  the  variable  Iprhed  defined  as  an 
array  of  BYTE.  The  ASCII  values  of  the  command  characters  were  assigned  into  the 
array  using  a  DATA  statement,  and  were  written  to  the  output  print  file  as  character 
variables: 


BYTE  lprh«d(45) 

DATA  lprh6d/27, 69, 27, 40, 56, 85, 27, 40. 115, 48, 112, 49, 50, 104, 49. 

1  48,118,48.115,48,98,48,51,84,27.38,97.49,48,108,53,77, 

2  27,38.108,52,69,27,38,108,54,48,102,48,79/ 


WRITE  (  1,400  )  Iprhed 
400  FORMAT  (  45A1  ) 


To  ensure  that  the  printed  page  would  be  ejected  &om  the  printer  the  command 
string  <FF><ESC>E,  where  <FF>  is  the  form-feed  character  (ASCII  value  12),  was 
written  to  the  print  file  at  the  end  of  the  file.  This  command  string  was  coded  into 
the  variable  array  Iprand  as  follows: 


BYTE  Iprand (3) 

DATA  lprand/12,27,69/ 
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The  progiuns  PLTPS,  PLTPT,  and  PLTCIT  used  the  Hewlett-Packaxd  Graphic  Lan¬ 
guage  (HP-GL)  instruction  set  to  generate  hardcopy  graphical  outputs  on  an  HP 
7220T  pen  plotter.  The  HP  LaserJet  III  laser  printer  accepted  the  HP-GL/2  in¬ 
struction  set  which  is  a  new  version  of  HP-GL.  While  there  were  differences  between 
the  two  versions,  the  graphic  instructions  generated  by  PLTPS ,  PLTPT,  and  PLTCKT 
were  compatible  with  HP-GL/2.  The  HP  plotting  library  that  was  used  to  generate 
these  instructions,  however,  issued  certain  machine  dependent  codes  during  the  ini¬ 
tialisation  and  closing  routines,  which  were  directed  specifically  to  HP  pen  plotters 
and  which  were  not  recognised  by  the  LaserJet  printer.  The  two  routines,  HPIHIT 
and  PLOT  of  the  HP  plotting  library,  were  therefore  modified  to  eliminate  the  output 
statements  which  generated  these  machine  dependent  codes.  The  HP  LaserJet  III 
printer  was  initialised  instead  with  command  strings  in  a  format  similar  to  that  used 
in  CALJII. 


The  initialisation  commsmd  strings  used  in  PLTPS .  PLTPT,  and  PLTCNT  were  slightly 
different  because  of  the  difference  in  sizes  and  orientations  of  the  plots  they  gener¬ 
ated.  The  commands  used  in  PLTPS  were: 


<ESC>E  — 
<ESC>\»100  — 
<ESC>*pl60x-900Y  — 
<ESC>*cOT  — 
<ESC>*cS400x7920Y  — 

<ESC>*c7.BkHL  — 
<ESC>\X1B  — 


reset  printer, 
portrait  orientation, 

position  cursor  at  150  dots^  right  and  900  dots  down, 

set  picture  frame  anchor  point, 

set  picture  frame  width  and  height  to  be  5400  and 

7920  decipoints®  respectively, 

set  HP-GL/2  plot  size  to  be  7.5  x  11  inches. 

enter  into  HP-GL/2  graphic  mode. 


In  PLTPT  these  commands  were  similar,  as  shown  in  the  following: 


<ESC>E 

<ESC>\tlO0 

<ESC>*p60x-900Y 

<ESC>*cOT 

<ESC>*c5400x7220Y 

<ESC>*c7.5kllL 

<ESC>\X1B 


reset  printer, 
portrait  orientation, 

position  cursor  at  60  dots  right  and  900  dots  down, 

set  picture  frame  anchor  point, 

set  picture  frame  size  to  5400  x  7220  decipoints, 

set  HP-GL/2  plot  size  to  7.5  x  11  inches. 

enter  into  HP-GL/2  graphic  mode. 


In  PLTCIT  these  commands  were  identical  to  those  in  PLTPS  except  without  the 
cursor  positioning  and  set  anchor  point  instructions: 


<ESC>E  — 
<ESC>\klOO  — 
<BSC>*c5400x7920Y  — 
<ESC>*c7.6kllL  — 
<ESC>\X1B  — 


reset  printer, 
portrait  orientation, 

set  picture  frame  size  to  5400  x  7920  decipoints, 
set  HP-GL/2  plot  uze  to  be  7.5  x  11  inches, 
enter  into  HP-GL/2  graphic  mode. 


*In  the  HP  LaserJet  in  pfintei  one  dot  eenaU  inch  and  a  dedpoint  is  inch. 

’  SOO  7J0 
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The  following  graphic  commands  were  also  incorporated  into  the  three  plotting 
programs  to  enhance  the  quality  of  the  graphical  outputs: 

•  Select  a  standard  character  set  —  this  command  was  used  to  select  the  PC- 
8  symbol  set  (see  Appendix  A  of  Reference  5)  with  Univers  typeface.  The 
HP-GL/2  command  for  this  selection  is: 

SD1,341,2,1.4,17,7,S2; 

•  Select  an  alternative  character  set  —  this  was  to  allow  the  mathematical  sym¬ 
bols  (a,  /3  and  to  be  used.  The  command  for  this  is: 

ADI, 269, 2. 1.4, 19. 7. 62; 

•  Define  pen  width  —  this  command  enabled  different  line  thicknesses  to  be 
used  for  different  types  of  line.  This  was  particularly  useful  in  distinguishing 
the  contour  lines  from  the  engine  surface  boundaries  in  the  contour  plots.  The 
pen  width  command  format  is: 

PUx 

where  x  is  the  width  of  the  line  in  mm. 


6  SOFTWARE  INSTALLATION 

The  source  files  for  the  programs  JIIDIVIK,  CALJIH,  PLTPS,  PLIGHT  and  PLTPT  are 
stored  on  a  floppy  diskette  which  is  kept  in  the  Applied  Aerodynamics  Archive  Area 
at  ARL.  The  diskette  is  labelled  with  the  description:  '^JINDIVIK  AUXILIARY 
AIR  INTAKE  -  SERIES  ST. 

The  procedures  to  install  these  programs  in  the  PDP-11  computer  (assumming  that 
the  user  has  logged  into  the  PDP-11  vdth  the  appropriate  account  details)  are: 

1.  Change  the  default  directory  to  [200,10]  vrith  the  following  command: 

SET  DEFAULT  [200,10] 


2.  Place  the  floppy  diskette  containing  the  source  files  into  the  floppy  disk  drive 
0  of  the  PDP-11  computer.  Enter  the  follovdng  commands  to  copy  the  files 
&om  the  diskette  to  the  current  directory: 

MOUir/OVERIllDE  DYO: 

COPY  DYO: [200,10]*.*  * 


3.  After  all  the  files  have  been  copied,  execute  the  command: 
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•IISTALL 


to  start  the  installation  procedure. 

The  source  files  for  the  prof^rams  Jill  and  JII2  are  stored  on  an  IBM  format  3.5- 
inch  floppy  diskette  labelled  with  the  description  “JINDIVIK  AUXILIARY  AIR 
INTAKE  -  SERIES  E'.  The  diskette  is  also  kept  in  the  Applied  Aerodynamics 
Archive  Area.  To  install  the  programs,  place  the  diskette  in  drive  A  of  the  PS/2 
computer  and  enter  the  command: 

A:\IISTALL 


The  programs  Jill  and  JII2  will  then  be  located  in  the  directory  D :  \LSUT\  JINDIVIK 
of  the  PS/2. 

7  CONCLUSIONS 

The  upgrade  of  the  data  acquisition  system  for  the  ARL  Low  Speed  Wind  Tunnel 
has  required  major  modifications  to  be  made  to  the  software  for  the  acquisition 
and  processing  of  data  for  the  later  series  of  Jindivik  auxiliary  air  intake  tests.  To 
maintain  software  compatibility  with  previous  tests,  data  were  stored  on  the  PDP- 
11  minicomputer  in  exactly  the  same  way  as  before  and  were  processed  with  the 
same  set  of  programs  modified  to  take  into  account  the  new  hardware  configuration. 

The  replacement  of  the  HP  7220T  pen  plotter  with  an  HP  LaserJet  III  laser  printer 
has  significantly  reduced  the  time  to  produce  the  hardcopy  outputs  of  the  test  results 
and  enhanced  the  quality  of  these  outputs. 

The  software  was  modified  in  such  a  way  that  data  &om  the  previous  test  series  can 
still  be  processed  by  the  new  versions  of  the  programs. 
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APPENDIX  A 


THE  MACRO  FILE  JIIDIVIK.MAC 

title  judito  tut  Nin  mia 

} 

’  StapkMi  S.V.  Lm 

*  OT-OCT-1991 

9 

Mcro  lelp  1 
clxaex 
pximt 

parimt  •  Zalt:  laltlallsas  the  Syatwi  Uait  8400 
priat  *  Cal  :  Calibrate  Traasdaeara 
priat  *  Data:  fiat  Data 
priat  *  Plot:  Plot  Data 

priat  ee*eeeeeeeeeee*e*ee********ee*eeeeee*ee*i 
aada 

aacro  lait  I 

priat  laitialialag  Syataa  8400  . . . 

I 

*  coaMtad  •eho  on  front  panol 

I 

SC4  0 


o 

o 

• 


’  Sennnor  Di|;itlnor  Unit:  2  sennnorn  of  32  ports  onck 
$ 

adl  111  1-2  32  1 


Data  aeqaiaitioa  paxaaMtara 
111  :  Iddraaa  of  tbe  SOU 

1  :  Table  aaabax  —  dafiaaa  a  pazticalax  teat  aat  np 
50  :  laabax  of  fzaaaa  to  bo  aToragod 
5000  :  Delay  botwooa  fxaaa  roadiaga  (ia  adcroaocoada) 

1  :  Iwibaz  of  Baaaareaaat  aota 

0  :  Delay  betwaaa  aeaeazoaeata  eata  (ia  ailliaecoada) 
free  :  Trigger  awdo  —  Softearo  trigger 
aeq  :  Scaa  addroaa  aodo  —  aaqaaatial 

2  :  Data  oatpat  fozaat  —  4  byte,  Kagiaoariag  Daita 


ad2  111  1  50  5000  1  0  free  aeq  2 

t 

'  Dofiae  aaotbar  acaa  table  (2)  to  oatpat  data  coatiaaoaaly 

9 

ad2  111  2  10  10  free  aeq  2 


Satap  the  aaitboz  of  porta  to  bo  acaaaod  oa  each  acaaaoz 
111  :  Iddraaa  of  tko  SDD 

1  :  Scaa  table  aaaber  —  dofiaoa  tbe  Hat  of  porta  for  acaaaiag 
101-132  :  Seaaaer  1,  port  1  to  port  32 
201-222  :  Seaaaor  2,  pert  1  to  port  27 


ad3  111  1  101-132  201-227 
ad3  111  2  101-132  201-227 


’  Smtmp  tbe  Preaaaza  Calibratloa  Halt 
*  211  1  iddraaa  of  tbe  PCD  (Claater  2,  lack  1.  Slot  1) 
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T 


1  I  Logical  xaogo  Boabox  1 
DITF  :  Oiffaxmtiol  pxoooaxo  aodo 
'  0.0001  :  Toloxaaco  of  ealiOxotioa  lo  0.0001  paio 

20  :  Waxi—  Pxoaaaxo  of  tko  aait  •  20  MI  akaolato 


pci  211  1  OZFr  0.0001  20 
pxiatbaffoK 


HI  i  hHkamm  of  tko  PCU  (Claatox 
S  callkxatioa  poiatas  -i.O  to  1.0  paid 

pc2  211  -B.O  -3.0  -1.0  0.0  1.0 


1. 


Soloct  tko  pxoaaaxo  valaaa  of  tko  PCU  to  bo  ia  pai  aait  (1) 


pc4  211  1 


Sat  Palao  daxatioa  to  bo  S  aacoada  fox  akiftiag 
tko  ealihxatioa  oalva 


cpl  6 


Sot  10  aocoads  dolaj  tiao  to  aait  fax  callkxatioa 
pcoaaaxoa  to  atabiliao  daxiag  calibxatioa 


cp2  10 


aacxo  Calib  C 
pxiat 

pxiat  Poxfozaiag  Pall  Calibxatioa 
pxiat  Ploaao  aait  . . . 
ca3  1 


aacxo  Bata  D 


6ot-Data  Coaaaad: 

1.  Obtaia  data  file  aaaa  aad  a  liao  of  doacxlptioa 

2.  Spaoa  JUI  to  aot  mp  coMaalcatioa  aitk  PBP-11 

3.  Sot  data  fxoa  tko  S400  Woaaaxoawat  Syatoa 

4.  Spaoa  JXI2  to  aaad  data  to  POP-11  fox  otoxago  aad  pxocoaaiag 


i^at  latox  data  filo  aio; 
i^at  latox  toat  doacxlptioa: 
oatpat  fopoa  dataVXl 
oatpat  f pxiat  M  X2 

data 

oatpat  ajataa  Jial  Xl  "X2" 
ad2  1 

fClOBO 

oatpat  ayatoai  Jla2  data\Xi 


j 
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APPENDIX  B 


THE  PROGRAM  SOURCE  FILE  JIHl.C 


/* - FM,  jm.c - -  ••/ 

/••  fax  tka  4»ta  aeqaiaitlaa  af  Jisfivik  iaxlliarj  iix  Imtaka  Viad  aa/ 

/aa  Tmamml  7aa*  -  Sariaa  2  aa/ 

/aa  baeatad  by  MCP.  m  la  eaajaactlaa  aitb  JUDITH  la  FDD-11/44  aa/ 

/aa  aa/ 

/aa  Wxlttaa  by  Staybaa  S.V.  La*  aa/ 

/, - aa/ 

tlaelada  <at41a.b> 

•iaclada  <atxiag.b> 

•iaelada  <eaala.b> 

•iaclada  <das.b> 

•dafiaa  KiX.LHI  127 

artaxa  cbax  aaaxtla,  aaaxtaat;  /a  eixealar  baftax  fax  aaxial  caMoaicatioas  a/ 
ebax  data_flla_aaaw[40] . 

dasc  DUX.Lin]  :  /a  tact  daacxiptiaa  a/ 

Tald  ga«_paxaaatax(  raid  ) : 

Tald  saad_tast_iafa(  xatd  ) ; 
iat  gat_llaa(  ebax  aa,  iat  Ha); 


raid  Baia(  iat  aaxg,  ebax  aaxgrD  ) 

{ 

/* -  - */ 

/a  data  file  aaaw  ia  givaa  ae  tba  firet  arginat  la  tba  caiand  liaa  and  •/ 

/a  taat  daacxiptiaa  (daac)  ia  tba  aaeaad.  a/ 

/, - ,/ 

atxepy  (  data.fila_BaBa,  aaaaxgr  ): 
atxcpy  (  daac ,  a-M-axg^  ) ; 

/* - ,/ 

/a  laitialiaa  COH  paxt  aad  aaad  PDP-11  ceaaaada  ta  ataxt  ap  JUDITH  a/ 

/* - ,/ 

iaiteoapaxtO ; 

aaad.liaaC'aat  taxa/aaacba") ; 

Baad_liBa(”x  jiadixib"); 

/, - */ 

/a  flat  taat  paxMMtaxa  fxaai  tba  apaxatax  at  tba  Ceatxel  Kaaa  aad  xacairaa/ 
/a  aix  flax  paxaaataxa  aataxad  by  tba  apaxatax  at  tba  Taataxi  xia  PDP-lla/ 

/, - ,/ 

gat.paxaaataxO ; 

/* - */ 

/a  bataxa  aaxial  iataxxapt  aad  xataxa  pxagxMa  caatxal  back  ta  HCP  a/ 

/, - ,/ 

xaataxa.aaxialiatO ; 

} 


xaid  gat_paxaMtax  (  xaid  ) 

{ 

iat  e,  iaO; 

ebax  liaaOttZj:ilI]: 

flaat  Jta_data[T]{ 


/a - a/ 

/a  Oat  paxaaataxB  fxca  apaxatax  */ 
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priatfC*  ilpka  (B«g.)  -  '‘)i 
gat_liM(UM,  IIU_LlD)i 
MCMif  (Um,  "tS“,  ftjim_data[0])  i 

Bata  (Bag.)  -  '')i 
gat.llMdiaa.  mXJLOHi 
aacairfdlaa.  ‘KC*. 

grlatfC  Ataaagkarie  Braaava  (tfa)  <■  “)! 
gat.llMdlM,  IUI.LlBB)i 
aaeanfdiM,  "Xf",  BJiB.4ata(2])t 

priatfC*  TumI  Taagaratva  (Dag.  C)  •  '*): 
gat.Uaadlaa,  NU.UBDi 
aaeaafdlM.  "%t",  BJlB_4ata(3]); 
jia_«ataC3]  *•  373. ISs 


/•  Saad  tka  taat  daaerigtiau  aad  tka  abava  taat  paxMatara  to  FDP-11  •/ 


priatfC  Zi^ta  a<  taat  pazaMtax  ia  pzagxaaa.  plaaaa  aait  ...  ") ; 
aaa4_liaa(  daac  ) ; 
aaad.taat.iaf  aO : 

/, - 

/•  Laap  amtll  flaw  paxaaataxa  fxoa  Taataxi  aatax  eaaa  la  via  tka 
/a  tka  aaxial  COM  paxt 

/, - - 

elaax.aaxlal.qaaaaO : 
do  ( 

if  (  aaztia  !-  aaztaat  ) 

( 

e  ■  xaadcaaaO: 
liaa[l4-f]  -  c; 

> 

}  akila  (  G  !*  'C*  );  /aa  lad  of  data  liaa  aigaal  aa/ 


UaaM  -  >\0>; 

fox  (  1-Oi  l<-2s  i-M-  ) 

aacaafdlaaaloT.  "Xf".  kjia_data(ia4]): 
pxiatfC  Taataxl  BaadiagsiXa  T1  >  XS.3f  dag.  C,  PI  >  X6.2f  kPa\x\a''> 
Jia_dataM,  jla_data[6]): 

pxiatf(”  Pxaasaxa  Bxap  ■  X8.2f  iackas  of  aataxNaWt  Jia_data[6]) ; 


/a  Tall  PIW-11  to  caatiaaa  aad  aaad  daaa  data  back  to  FDP-11  fax  ataxagaa/ 


aaad.llao  C'C): 
fax  (  1*0;  i<"3j  1++) 

apxiatfdlaaaiaT,  "  X6.2f”.  jia_data[i]) ; 
llaa[2S]->\0*i 
aoBd.Uaa(  liaa  ) ; 


pxiatfCltaady  to  acaa  pxaaaaxa”); 

> 


/a  aaBd_taat_iafo<  aaad  taat  iafozaatioa  ta  PDP-11 

/* - 

Toid  aaad_toat_iafa(Toid) 

< 

ekax  -naaatkan  -  {“JU".  "PBB".  "MB".  "3PB",  "lUT*.  "JOB".  "JOI.' 

"MB",  "IIP",  "OCT",  "BOT", 


IS 


ekax  <ilBaM[20]  .  <ildat[12],  *tB_ptxi 

imt  1«B.  it 
■trmct  dBt«  d*t«; 

Im  >  •trl«a(dBtB_llla_aaM)  -  atrlaaC  •trckx(d%tB.fil*.BaM.  ); 

for  (  i«®;  1  <>loBi  i++  ) 

a(fllaMH'l)  m  toBppo»(o(dotB_<llo_BMio»l)) ; 

filBMlClOB]  -  '\0>i 

•OBd_lijM(  flllM  )t 
gOtdBto(MBto)  I 

■prlmtf  (flUat,  "Xd-Xo-M”,  dato.do.doy.  MBtko[doto.dBJooB-l]  . 

dato.d«_70or) t 
■OBd_llM(  fildat  )t 


/* - */ 

/•  got.llao:  got  *  liao  of  ekazactoxa  fxoa  tko  coaaola  •/ 

/, - «/ 

tat  gat_liaa(  ckax  oa.  lat  lia) 

ckax  oaf; 


•a  •  lia; 
a2  >  egata(  a); 
atzepyC  a.  a2) ; 
epxiatf(  "XxSa")! 
rotaxa(  atrlaa(  a))i 
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APPENDIX  C 


THE  PROGRAM  SOURCE  FILE  JII2.C 


- juj.e - ••/ 

Fxogrw  tox  tk«  data  acqalaitlm  of  Jiadioik  Aaziliary  Air  latoko  Viad  ••/ 
Taaaol  Toat  -  Sarloa  2  ••/ 

Ixacmtad  by  HCP,  roa  la  coajaactloa  altk  2I1DXTII  la  PDP-11/44  ••/ 

••/ 

Hrlttoa  by  Stapbaa  S.V.  Laa  aa/ 

- „/ 


tiaclada  <atdla.b> 
•iaclada  <atdllb.k> 
•iaclado  <atTiag.Ii> 
•iaclada  <coaio.h> 
•iaclado  <doa.b> 


iat  fgot_liaa(  cbax  aa,  iat  lia,  FILE  afp) ; 
void  road_data_fila(  cbar  afilanaao  )s 


•dafiaa  NAXPOIT  44 
•dofiaa  IBAOnfiS  4 
•dafiaa  DATA.VIDn  9 
•dofiaa  MAX.LZa  127 


/aa*  Haziaaa  ao.  of  pzaaaara  porta  aaa/ 
/aa*  lo.  of  llaaa  of  laadiaga  ***/ 

/*a*  Haxiaaa  fiald  oidtb  of  Data  itoa  ***/ 
/***  Mazlaaa  laagtk  of  llao  *a*/ 


iat  ipxaaaCKAXPOkT] ;  /aaa  iatagax  aalaa  of  pxaaaaxa  data  *•*/ 
iat  aporta^SS;  /aaa  aoabax  of  pxaaaara  porta  aaa/ 

axtara  ckax  aaaztia,  aBoxtoot; 


void  ■ala(  iat  aaxg,  ckax  aargrC]  ) 

ckax  liaal(KAX.Lin],lia*2QlAX.UlK].liao3DUX.LiaS]; 
iat  i,  c; 


pxiatf ("\aSoadiag  toat  data  to  PDP-11 

/, - ,/ 

/a  laitiallao  COMl  aorial  port.  Argaaioat  1  oa  ceaawad  liao  ia  tha  data  a/ 
/a  fila  aaato.  Dao  tkat  aa  iapat  argaaoat  to  road.data.fila  fnctioa  akicka/ 
/a  roada  tko  proaaaro  data  acqairod  by  NCP  a/ 

- */ 

iaitccaiportO ; 
road_data_filo(  aaaargr  ) ; 

/, - ,/ 

/a  Pat  tha  proaaaro  data  oa  3  aoparato  liaoa  boforo  aoadiag  doaa  to  tko  a/ 
/a  PDP-11  alaca  tko  FOknAI  prograa  JUDITH  caa  road  a  aMrianoa  aaaibar  a/ 

/a  of  132  ckaxactora  oaly  par  liao.  a/ 

/, - ,/ 


for  {  i  ■  0;  1  <“19;  1++  ) 

apxiatf (liaoiadai,  "  X6d",  iproaa[l]): 
apriatf(lia*2adal,  "  XSd",  ipr*aa[ia20]); 
apriatf (llao3a<ai,  ”  XSd",  ipr*aa[ia40]) ; 

} 

aoad_liao(liaol) ; 
aaBd_liaa (liao2) ; 

B*Bd_liM(lla*3) ; 

- ,/ 

Vait  aatil  ackaoalogad  by  JUDITH  oa  POF-11 

- ,/ 


/• 

/a 

/a 
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do 

< 

ii  (  m«xti>  !>  Aaz«o«t  ) 
e  •  rMdeaMO: 

}  *kU«  (  c  !-  >>>  )i 


/, - ,/ 

/•  EM«t  twi— 1  ehMxmctmrimtic  aad  ••rial  tmtaxxi^t  b«far«  axitlBg  •/ 

/• - •/ 

taza/aeko")  i 
rastaza.aarlalimt () ; 
priatf  ("VaOesaNaNB'*) ; 

> 


/, - 

/•  Kaad  praaaara  data  froa  fila,  pra-nltipljr  tkaa  bp  1000,  aad  coavart 
/•  tkaa  ta  imtagara 

/, - 

Tald  raad_data_fila(  ckar  afllaaoM  ) 

{ 

Fill  adataip: 

lat  1,  llaa.laagtk,  part.id; 

flaat  pai.data; 

ckar  liaaDUX_LZn],  e; 


•/ 

•/ 

•/ 

•/ 


datafp  -  <opaa(  filaaaM,  "r"): 


/, - ,/ 

/•  kaad  laadlaca  •/ 

/, - ,/ 


far  (i-li  K-ndOmS; 

fgat.llaaC  llaa,  HiX.LUB,  datafp  ); 

far(i*4:  i  <>Bparta-l:  i++) 

facaaf (datafp,"Xd  Xf'',kport_id,  tpai.data): 
IpraaaCi]  *  pai.data*1000 ; 

) 

fclaaa(datafp) ; 


/* - ,/ 

/•  f gat .lima:  gat  a  lima  af  ckaxactara  fxea  fila  fp  •/ 

/, - ,/ 


imt  fgat.UmaC  ckar  aa,  iat  11a,  FIU  afp) 

< 

if  (  fgatsC  a,  lia,  fp)  »  lOlX) 
xatmra  (  lOF); 

alma  { 

a[  Btxlam(  a)  -  1]  ■  ’\0’; 
xatmxm(  atxlaaC  a)): 

> 

> 
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APPENDIX  D 


THE  PROGRAM  SOURCE  FILE  JIICONN.C 


/•• - ynj.  jncam.c - 

/*•  Saxisl  eoamaicatloma  fuctlou  eall«4  by  Jill  uid  JII2 

/•• 

/••  Hodiflad  txum  TCOm.C  by  StaphM  S.V.  Laa 

/•• - 

•iaclvda  <stdia.h> 

•iaelada  <stdllb.b> 

•iaclvla  <stTiag.b> 
tiaclad*  <coBlo.b> 
tiaclnda  <doa.b> 

•iaelada  "aazial.k" 


tdafiaa  »  13 

Toid  saad.liaaCcbar  aa) ; 

void  aaad_liao(cbar  os) 

{ 

char  *ap,  c; 

lor  (  ap>a;  oapl-’XO’;  ap-*-*) 

{ 

e  "  oapi 
■xitocoaB(e) ; 
dolay(30)i 

> 

■xitoeoHa(  Cl  ) ; 

dolay(200);  /••  aat  delay  period  to  alloo  PDP-11  to  catch  op  ••/ 

> 

/o  •ooooooooooooaoooaooaoooooaoooooooooa* 

•  Serial  Port  Coauicationa  Fwetiona  • 

.oo**oooooo(o*ooooo«o«vooooo«..«....oo../ 


/• - iaitialiao  the  coa  port - •/ 

void  laitcoi^ortCvold) 

{ 

BTTI  abyta; 

/o  Sava  the  old  ViBT  ragiatara  o/ 

letrl  •  i^pertb  (LINBCTL)  ; 
abyta  •  (Ictr .  OLiB) ; 

('•tportbdJmCTL,  abyta) ; 
baadlab  >  iaportb(DIfLSB) ; 
baadaab  ■  iaportb(DITIISB) ; 
abyta  *>  DUB; 
emtportbdJUCTL  .abyta) ; 
ixtaa  -  i^ortbdBnUUBU) ; 
actrl  -  li^aztbOnDDICn.) ; 
aedatat  -  iapertbOKBIMrriTQB) ; 
llaatat  -  iaportb(LXIISTATra) ; 

/•  Sat  mp  OUT  ragiatara  •/ 

abyta  ■  i^artb(0z21); 

aatpartb(0z21 . (abyta  I  OzlO));  /•  dlaabla  iatam^t  haadllag,  aa 
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that  iatampt  raeter  addxaaa  can  ba  ehaagad  •/ 
abyta  •  .intronO ;  /a  radixacta  iatampt  haadlax  a/ 

dlaablaO  ;  /a  disabla  iataxxapt  pxaeasalag  a/ 

abjta  •  lapaxtb(0x31) :  /a  aaabla  Uaxt  iataxxapta  a/ 

aatpartb(0z21 , (abyta  k  Oxaf)): 

aatpaxtb (LIOCTL ,  0x03)  |  /a  sat  LUICTL  a/ 

abyta  >  i^axtb(UDiTi) ;  /a  flaak  tha  UitT  xaclava  buff  ax  a/ 

aatpaxtb (nniilU, 0x01)  j  /a  aalact  iataxTupta  to  catch  a/ 

aatpaxtb (NDOnCTL, OzOb) t  /•  aat  00X2.  ITS,  i>TE  «/ 

/a  SIT  BiOD  UTB  a/ 

abyta  -  (li^axtbdJnCTL)  I  DUB); 
aatpaxtb(LXBBCTL,abyta) ; 
oatp«xt(01TUBi0xl8) ; 
aatpaxt (DITRSB ,0x00) ; 
abyta  DUB; 
aatpaxtb(LIOCTL,abyta) ; 

claax_aaxlal_quaaa() ; 
amablaO ; 
xataxm; 

} 

/a - xaatoxa  tha  saxlal  iataxxapt  aactoz - a/ 

▼old  xostoxo_aaxiallat(Told) 

{ 

BTTB  abyta; 

abyta  -  (ij^xtb(LIBBCTL)  I  DUB); 
aatpaxtb  (UBBCTL, abyta) ; 
aatpaxt  (DITUB  ,baad1  ab)  ; 
oatpoxt  (BITHSB  .ban  itaab) ; 
abyta  DUB; 
aatpoxtbCUIBCTL, abyta) ; 

oatpoxtb (UaCTL ,  letxl) ; 
aatpaxtb  (millBll,  iatoa) ; 
aatpaxtb  (NOmCTL,  actxl); 

.iatxoff 0 ; 

} 

/a - claax  tha  aaxlal  iapat  baffax - a/ 

▼old  cloax_oaxial_qaaaa(Toid) 

aaxtlm  ■  aaxtavt  ••  xacvbaff; 
baffox.caaat  •  0; 

> 

/a - aoxial  ii^at  iiitoxxapt  aaxTica  xoatiaaa - a/ 

lat  _iatxoB(Taid) 

oldcoalat  ■  gatToct (iatp) ; 
aatvactCiatp,  _ix^); 
xataxa  (0) ; 

> 

lat  .iatxoff (Told) 

< 

if  (oldcoalat  I-  lOUX 

aatTcetdatp,  oldeaaiat)| 

oatpaxtb(0x21,(iiipaxtb(0xai)  |  (Oxff  *  Oxaf))); 


/a  sat  01BT  a/ 

/a  sat  baud  xata  fox  4800a/ 


> 

r«t«zm  (0)i 

> 

Told  ijitaxxiqpt  .ix^dO 

i 

imt  Ckaxlxi 

iBp«rtb(Iini>IIT)  i  /•  cImtb  Oart  zagiatar  •/ 

am«partb(0x30t0x20) :  /a  iBtazza|it  racaiaad  a/ 

11  (maztiz  (zacTballaBOFSlZB) ) 

maztla  >  zacTbalf;  /a  cizcalaz  bulfar  a/ 

Charla  i»partb(lXDlTi) ;  /a  zaad  tba  iaput  a/ 

diaablaO ; 

11  (zoBZolf.aaablad) 

11  (Cbazia  —  XOFP)  /a  taat  ZOI  a/ 

waltlag_lor_10l  ■  1; 

alaa  11  (Ckazia  —  ZOI)  /a  taat  ZOFF  a/ 

waltlag_lor_ZOI  •  0; 

11  (izoBzell.amablad  II  (Cbazln  i-  ZOI  ltd  Chazla  !-  ZOFP))  { 

aaaztlza-f  »  (ebar)  Cbaxla;  /a  pnt  char  in  bsllaz  a/ 

bullaz_ca«ata+ ; 

} 

11  (zoucoll.aMblad  dd  !aaltlag_to_aaBd_ZOI  dd 
ballaz.eaaat  >  TUKSIOLO)  { 

ablla  ((laportb(LmSTiTUS)  d  ZNIT.DdTl.UdDT)  «•  0) 

I 

aatpaztb(TZDlTd,  ZOFF);  /a  aand  zoll  a/ 

aaltiBg_to_aaBd_ZOI  >  1; 

} 

aMblaOi  /*  aubla  l&tampt  pzoeaaaiag  a/ 

} 


/aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
a  Bvllar  cbaractar  bandllag  a 

••••••aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa/ 


/• - raad  a  cbaractaz  Iroa  tba  iapat  bvllar - •/ 

Int  raadeaaB(Teld) 

i 

11  (aaxtoat  racTbnll■^BT)FSIZE) 

Baztoat  •  racTball; 

— bollaz.coiiBt ; 

11  (waltlag_to.aaad_ZOI  dd  ballaz.cowit  <  SdFBTTLETBL)  { 
aaltlBg_ta_aaad_ZOI  ■  0; 

«rltacflaM(ZOI) ; 

} 

ratazB  aaaztaataa; 

} 

/a - —arlta  a  cbaractar  tc  tba  com  part - a/ 

lat  azltaca«i(lBt  c) 

i 

iBt  b; 

a«tpartb(0z20 ,0z20) ; 
a«tportb(TZDiTA,  c) ; 
ratazB  TKDl; 

} 
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APPENDIX  E 


THE  PROGRAM  HEADER  FILE  SERIAL. H 


/•  •/ 

/• - ••rial  port  dofiaitloao - •/ 

/•  •/ 

oztozB  Imt  COMPOftTi 

oxtozB  clMur  omoztia.  omoxteat; 

/• - •arlal  prototypoa - •/ 

void  iaitcoiVort(Toid) : 

Ijit  Za«dCMHi(TOld)  : 

iat  >zltocoM(lat): 

Told  eloaz_oorlol_q>oao(Teid) ; 
void  xoatoro_aorlaliat(irold) : 

/• - aarroa - •/ 

•dafiao  eoMtatO  (li^dinSTiTVS)) 
tdofiao  i^mt_char_raady()  (aaztla!>aaztoBt) 

•dofiao  ZOI  17 

•dafiaa  XOFF  19 

/•  — - — ~ — -aarlal  port  addroaaoa - •/ 

/o  -S2S0  mart  baao  port  addroaa:  COMl  cob2  2f8  •/ 

•doliaa  MSKPOtT  (0x3fS) 

tdafiaa  TXDATi  BdSVOtT  /•  traaaait  data  •/ 

Mofiaa  IXBATi  BdSBPOlT  /•  rocaito  data  •/ 

•dofiao  DinSB  BASIPOBT  /a  baad  rata  ditiaor  lab  */ 

•dofiao  DimSB  (BiSBPOKTal)  /a  baad  rata  dltiaor  aab  a/ 

•dofiao  XBTUiBLB  (BiSDOBTai)  /a  iatorzapt  aaablo  a/ 

•dofiao  XHtlMar  (BiSBPOBTaf)  /a  iatorr^t  idaat  a/ 


•dofiao  UDCTL  (BiSBPOBTaS)  /a  liao  coatrol  a/ 
•dofiao  NOraHCTL  (BiSBPOBT^d)  /a  aodaa  coatrol  a/ 
•dofiao  LIBBSTiTBS  (BlSEPOBTaB)  /a  liao  atataa  a/ 
•dofiao  NOOmSTATIIS  (BlSlPOBTaC)  /a  aodaa  atataa  a/ 


/a - - - aarlal  iatorrapt  ataff - a/ 

•dofiao  IBI|  (4-(C0IV0BT-l))  /a  0-7  >  IBqo-IBq7  a/ 

•dofiao  COKZBT  OzOc  /a  latarn^t  voctor  12/11  a/ 

•dofiao  COHIBq  (-(1«  IBQ)) 

•dofiao  BICOl  0x21  /a  •269  ProgriMablo  iatorrapt  coatrollar  a/ 

•dofiao  PZCOO  0x20  /a - aa  aboTo -  a/ 

•dofiao  BOI  0x20  /a  Bad  of  iatorrapt  coaaaad  a/ 

•dofiao  TIHBB  Oxlc  /a  PC  tlaor  iatorrapt  Toctor  a/ 

/a - liao  atataa  roglatar  aalaoa - a/ 

•dofiao  XIIIT_Dm_BBiOT  0x20 

/a - latoxxi^  aaablo  rogiatar  aigaala - a/ 

•dofiao  DATUBiDT  0x09 

/a - aorial  li^t  iatorz^t  baffor - a/ 

•daf  iaa  BIIPSZZB  1024 
•dafiaa  BAPBTlUHBi.  (BOPfIZB/4) 

•dafiaa  TBBlfBOLB  (SAFBTTUIBLaS) 

•dafiaa  TBDB  1 
•dafiaa  FAUB  0 

•daf  iaa  DUB  OxBO 
/•  MSB  Taorl^aa  a/ 
typadaf  aaai^ad  char  BTIBi 


- PM-  sitZAt..B - 

/aa  Boadar  filo  raqalrad  by  JXflCOMI.e 

/aa  Nodlflod  froa  TCOm.C  by  Stophaa  B.W.  Lm 


Btn  latm.  ■Ctrl,  Ictxl;  /«  star*  axiatia^  ViBT  aattiags  •/ 

wljiad  iat  baadlab,  baateab; 

xalatlla  auifaad  aadstat ; 

xalatils  —»<§■#<  Uaatati 

/•  faaetiau  ixatatjpas  a/ 

Tald  ialteaafax«(vald) i 

▼aid  xaataxa.aaxialiatO ,  claax.aaxial.qMmaOi 
iat  _latxaa(Tald) s 
lat  .iatxaf f (xald) ; 

Tald  iataxxipt  _ixq4(); 

static  Taid(lataxx«|^  aaldeaalatXTald); 

iat  xaadcaM(Tald) ; 
lat  axitacaaMdat) ; 

/•  Taxlablas  •/ 
sxtaxm  iat  COMPOIT; 

chax  xacTbail CBOFSIZB] ; 
ckax  aaaxtia  •>  xacTbaffi 
dux  aaaxtaat  •  xacTbafi; 
iat  bait ax.ceaat ; 


iAt 

COHPONT  •  1 ; 

/a  CONI  ex  2 

a/ 

iat 

PiUTT  -  0; 

/a  O^aaa,  l*edd. 

2**aTaa 

a/ 

lat 

STOPBITS  -  1; 

/a  1  ax  2 

a/ 

iat 

HOBDLBB  -  •; 

/a  7  ax  8 

a/ 

iat 

BAUD  -  4800 

;  /a  1200  2400  4800 

9600 

a/ 

iat 

xaaxaff. 

aaablad  ■  TBOB; 

atatie  lat  aaitiag.f ax.XOI ; 
static  lat  aaitlag.ta.saad.ZOli 

lat  latp  •>  OzOc;  /a  lataxxi^t  xactax  tl2  fax  CON  1  a/ 
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APPENDIX  F 


THE  PROGRAM  SOURCE  FILE  JIIDIVIK.FTI 


raiwuii  jmxT 

C 

C  TUa  yKOfraa  e«Mwie«tu  «itk  JUI  Md  JZn  m  tk*  IM  M/2-M 
C  fox  tko  JmXTn  Aazilory  latok#  fxosoxro  ■ooot— to. 

C 

C  Tko  pxoftooi  io  loockod  ky  JXIl  fxa«  tko  FI/2.  It  ooJm  tko  oporotor 
C  ot  tko  foatorl  goofo  to  koy  la  tko  poxoMtors. 

C  Tt  tkoa  olgftolo  tko  FS/2  to  stoxt  oeoBolag  tko  pxoooaro  Tolmoo. 

C  Tko  pxooovxo  Tolmoo  oxo  oaltlpllod  ky  1000  oo  oo  to  ko  posood 
C  bock  oato  tko  FV-ll  la  latogox  foxa  oad  stoxod  ia  .JCS  aad  .OiT 
C  filoo  aad  oxo  coapotlblo  xitk  tko  pxooiooo  tooto. 

C 

C  Hrittoa  by: 

C 

C  Stopkoa  S.V.  Laa 

C  Appliod  Aoxodyaaaies  Oxoap 

C  Fllgkt  Mockaales  A  Fxopololoa  DItIoIob 

e 

C  22-0CT-lf91 

C 

Coooooooooooooooaoooooooooooooooooooooaooooooooooooooaooo************* 
ClAUCTU  koyal 

ClAkACm  tltlaa2S,  caatoaa20,  tpaaS,  s«xaaa(3)a0t  daocaSO, 

1  coafaaa20,  fllaaaa20,  fildatall,  jcofila20 

UAL  pa.  ta,  pi,  tl.  pd 
UTMU  ipxosodO) ,  loa,  Isax 
ITTI  boU 

PAIAHim  (looxMTO)  !  saxial  ao.  of  tost,  aay  aaibox  olll  do 

DATA  tltlo/'JDDITIK  ADXILIUT  UTAUV 
DATA  castoa/’FtOFDLSIOl  lEAIClV 
DATA  boll/7/ 

DATA  coaf  aa/’ COIF  JH.  DAT’/ 

C - 

C  Dofiao  Tost  Folat  latbox  to  bo  1 
C  Coaflg  assibox  ■  1 

C - 


tpad:)  -  >1  > 
koaf Ig  -  1 

fllaM(l:4)->DLl:’ 

C  Opoa  toxalaal  liao  TTO:  fox  coaaaaicatioa  xitk 
C  tko  opoxatox  at  tko  Toataxi 

C - 

OFU  (aaltol,  filo^'ttOi’,  stataso’old’) 

e - 

C  loeolao  tost  laf oxaatloa  fxaa  tko  Fg/2 

C - 

UAD  (  6,  10  )  loa,  dosc(lilsa) 
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A  A 


MUB  (  S,  10  )  MMlw,  <11— M) 
10  fOMUTl  4,  1  ) 

lUB  (  S.  20  )  ftU«t 

20  ronur  ( i ) 


jeaiU  -  <11— 
JesfllCMMl— li)  ■  '.JCS* 
<11— (— l«a-»lt)  -  >.BAT* 


C  lak  kb*  opwatn  t«  k«7  1b  par*— »«»> 

VBITB  (  1,  2S)  kail.  d«Be(l:laB) 

2S  VOBIUT(//.  X.  72(>->)  /,  x.  Bl,  /.  x.  a,  //. 

1  '  Kaady  to  Taka  Bata:  ) 

10  COBTIBiK 

HUn  (  1.  SO  ) 

SO  roaiUT  C  P1  (1b.  o<  oatax)  •  *.  I) 

UAB  (  1.  a  )  pi 
VklTB  (  1,  00  ) 

00  POUUT  (>  T1  (dag  C)  •  > .  0) 

BUB  (  1,  a  )  tl 
HUn  (  1.  OS  ) 

05  FOBIUT  ('  Prasanxa  Drop  (la.  o<  aatar)  ~  t) 

UAB  (  1,  a  )  pd 

VUn  (  1,  TO  ) 

70  FOIIIAT  (  /,'  Axa  tka  aboTo  aalaas  aataxad  corxactlj  tT/l]?  ',$) 
UAB  (  1.  20  )  kay 

rr  (  (kay  .04.  •!•)  .02.  (kay  .04.  >b’)  )  60  TO  30 

vun(  1,  7S  ) 

76  F02UT(  />  SMpllag  data,  Plaaaa  wait  ...*,2  ) 

C - 

C  Saad  paxaMtara  back  to  FS/2 

C - 

Win  (  6,  80  )  tl,  pi,  pd 

80  raiUT(  3(x,<0.3),  ■  :>  )  !  *C>  aigsala  and  o<  data  liaa 

UAB  (  S,  20  )  kay 
IF  (kay  .04.  *C’)  thaa 

UAB  (  6,  a  )  alpha,  bata,  pa,  ta 

C - 

C  2aad  pxoaaara  data  la  3  liaaa  o<  20  ralaoa  aach 

C - 

UAB  (  S,  a  )  (  Ipxaaa  (1),  1  ■  1,20  ) 

2BA0  (  6,  a  )  (  Ipxaaa  (1),  1  >  21,40  ) 

2BAD  (  5,  a  )  (  Ipxaaa  (1) ,  1  >  41, SO  ) 


C - 

C  CeaTlxa  to  coaaola  that  all  praaaaxa  data  bara  baaa  xoad 

Win  (  6,  00  ) 

00  FOINAT  (  X,  ll>  ) 


Calcalato  tbo  dyaHalc  praaaaxa,  4 
C 

C  lpxaaa(7)  aad  IpxoaaCS)  both  aaaaaxaa  tba  taaaal  total  pxaaaara 

C  Ipxaaa  (6)  aad  Ipxaaa «)  both  aMaaaxaa  tbo  taaaal  atatlc  praaaaxa 

C  baaalta  o<  UF  (  B  -  F  )  la  dlrldod  by  1000  ta  cearoxt  to  kFa 
C  tbaa  aaltlpllad  by  0.6  to  taka  tbo  araxaga. 
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I  ■  Fa'H>.OOOS*(ifKMa(T)'t'lfrM*(t))M.MS 
Fa  ■  Fa'»O.OOOSa(iptaaa(B)'4Fcaaa(C))a<.MS 

M  -  1-Fa 

C  h#  ■  B.MSahF  i  caaTart  te«ai  fai  ka  tfa 

q  -  S.SaFaa((fe0/Fa-i’l.O)aa(2/T)-l.O) 

C  Writa  data  to  .JCS  fila 

e - 

OFD  (aalt-a,  <lla-Jea<U.  atataa  -  >aaa>) 
mm  (  a.  a  )  (Ipraaa  (i).  1-l.B*  ) 
mm  (  a,  a  )  a^ka,  kata.  tl.  pi*  F<<  Fa> 
mm  (  a.  too  )  daae(l>laa) 
too  FOUUT  (  /.  X,  A<laa>  .  ///) 

mm  (  a.  no  )  titia 
mm  (  a.  no  )  caataa 
mm  (  a.  no  )  tpa 
mm  (  a,  no  )  auaaa 
mm  (  a.  no  )  nidat 
mm  (  a.  no  )  eaafaa 
mm  (  a.  lao  )  kaaii« 
no  FoaiuT  (A) 

lao  FoaiuT  (  14  ) 

cLon  (a) 


C  vnta  data  ta  .DAT  flla 

c - 

OFm  (aaltaSi  filaa<ilaaa,  atataa  >  *aaa*) 

mm(  3.  150  )  niaM.  nidat 

150  FaaiUT(  X,  A,  /.  X,  A  ) 

mm(  3,  100  )  iat(FaalO),  iaar,  qalOOO 
100  FOIKATC  X,  14,  x,  13,  •  ??  ????  ????  *,  FO.l  /, 

1  X,  >111111111  0000000  000000  00000000  00000000*,  /, 

a  X,  *000000  000000  A::  D::  C::  Dt:  I:i  F::*) 

mm(  3,  170  )  keaflg,  alpka,  kata,  tl,  pt,  dp,  pa,  ta 
170  FOBMATCx,  *00  *,13.3,  6(x,apf0.a),  a(x,apf7.a)  ) 

mm(  3,  100  )  (  Ipraaad),  1  -  1,  59  ) 

100  F0IIUT(  0  (  ax,  aplB.4  )  ) 

nn 

mm  (  1,  130)  kail 

130  FOlUT  (//,  X,  al,  *lan  Akortad*/  ) 

m  IF 

mm  (  1,  140  )  kail 
140  F0IIUT(//,  X,  al,  *lBd  al  laa  */) 

UO 
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APPENDIX  G 


AIR  MASS  FLOW  RATE  EQUATION 


The  working  equation  for  the  engine  air  mass  flow  rate  is  derived  from  Section  1.1 
of  the  British  Standard  1042  (1981)  The  basic  equations  for  the  mass  flow  rate  of 
a  fluid  through  a  venturi  tube  is  ^ven  by 


m  =  CEe^^yj2AP  x  pi 


(1) 


where 


c 

is 

the 

E 

is 

the 

T 

is 

the 

d 

is 

the 

D 

is 

the 

€ 

is 

the 

1 

is 

the 

\ 

is 

the 

Px 

is 

the 

AP 

is 

the 

Pi 

is 

the 

D' 


f 

1 

\7-lj  Vl-rnW 

AP 
Pt  ’ 


The  throat  diameter  d  of  the  venturi  tube  is  142.75  mm  and  the  upstream  internal 
pipe  diameter  D  is  304.30  mm.  The  tube  has  a  rough-cast  convergent  section  to 
which  the  following  parameter  values  are  applied: — 

C  =  0.984  ,  T  =  0.469  ,  E  =  1.025  ,  7  =  1.4  . 

With  these  values  equation  (1)  may  be  simplified  to: — 


m  =  0.02286^ AP  x  pi  .  (2) 

It  should  be  noted  that  the  value  of  the  venturi  upstream  pressure,  say  P',  as 
recorded  by  the  operator  is  in  inches  of  H20  and  is  relative  to  the  tunnel  total 
pressure  Pg.  Pj  is  then  calculated  &om  P'  according  to  the  following  equation: — 

Pi  =  Po  -  0.249P' . 

The  density  pi  of  air  upstream  of  the  venturi  throat  is  calculated  from  the  measured 
temperature  Ti  and  Pi  using  the  real  gas  equation: — 

Pi 


Pi  = 


RTi  ’ 


where  R  is  the  gas  constant  of  air  and  is  equal  to  287.04  J  kg~^K~^. 


Wint  tunnel  test  section 


(a)  Jindivik  model  with  engine  air  duct  attachment  in  the  wind  tunnel  test  section. 


Duplex 

blower 


(b)  The  venturi  and  duplex  blower  assembly. 


Figure  1 :  Schematic  of  the  experimental  set-up  of  the  Jindivik  air  intake  model 
in  the  wind  tunnel. 
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Figure  3:  locations  of  the  static  pressure  probe  along  the  air  intake  duct  of  a  Jindivik  forward  fuselage  model. 


DIgitai  Ecpjiprnent  Corporation 
PDP-1 1/44  minicomputer 


Prassure  Syaterra  Incorporated 
8400  Measurement  System 


Hgure  4:  Schematic  of  the  layout  of  the  data  acquisition  system  for  the  Jindivik 
auxiliary  intake  test  in  the  Low  Speed  Wind  Tunnel. 
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Figure  S:  An  example  of  the  graphical  ou4)ut  of  the  static  to  total  pressure 
ratio  versus  the  axial  locatirm  along  the  intake  duct  away  fnxn  the  engine 
face  towards  the  intake  lip. 
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Figure  6:  An  example  of  the  grt^hical  output  of  the  pressure  recovery  versus 
engine  mass  flow  parameter  for  a  given  auxiliary  air  intake  configuration. 
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Figure  7:  An  example  of  the  sectional  contour  plot  of  the  total  pressure 
at  the  engine  face  annulus.  The  values  of  the  contour  level  are  increasing 
from  the  inner  surface  outward. 
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AERONAUTICAL  RESEARCH  LABORATORY 
LOW  SPEED  WIND  TUNNEL 

Test  Results  on 
JINDIVIK  AUXILIARY  INTAKE 


Test  Number:  48 
3-LOUVRES  10  DEG.  -  MF=3  -  V=30 


Data  File:  DLl: JIN048.DAT  Created  on  15-NOV-1991 


VELOCITY  =  30.47 

ALPHA 

=  0.00 

BETA 

=  0.( 

30 

ANNULUS 

NO.  : 

1 

ANNULUS  NO.  :  2 

PROBE 

PT/PO 

PV/PO 

PROBE 

PT/PO 

PV/PO 

1 

0.9360 

0.0297 

7 

0.9488 

0.0425 

2 

0.9428 

0.0365 

8 

0.9595 

0.0532 

3 

0.9480 

0.0417 

9 

0.9610 

0.0547 

4 

0.9508 

0.0445 

10 

0.9612 

0.0549 

5 

0.9477 

0.0414 

11 

0.9618 

0.0555 

6 

0.9399 

0.0336 

12 

0.9523 

0.0460 

AVG 

0.9442 

0.0379 

AVG 

0.9574 

0.0511 

ANNULUS 

NO.  : 

3 

ANNULUS  NO.  :  4 

PROBE 

PT/PO 

PV/PO 

PROBE 

PT/PO 

PV/PO 

13 

0.9590 

0.0527 

19 

0.9630 

0.0567 

14 

0.9684 

0.0621 

20 

0.9697 

0.0634 

15 

0.9739 

0.0676 

21 

0.9796 

0.0733 

16 

0.9730 

0.0667 

22 

0.9846 

0.0783 

17 

0.9731 

0.0668 

23 

0.9781 

0.0718 

18 

0.9638 

0.0575 

24 

0.9688 

0.0625 

AVG 

0.9685 

0.0622 

AVG 

0.9740 

0.0677 

ANNULUS 

NO.  : 

5 

Pstatic  - 

ENGINE  FACE 

PROBE 

PT/PO 

PV/PO 

PROBE 

PS/PO 

25 

0.9657 

0.0594 

31 

0.9033 

26 

0.9695 

0.0632 

32 

0.9049 

27 

0.9798 

0.0735 

33 

0.9087 

28 

0.9864 

0.0801 

34 

0.9064 

29 

0.9787 

0.0724 

35 

0.9093 

30 

0.9739 

0.0676 

36 

0.9053 

AVG 

0.9757 

0,0694 

AX  POS 

1 

2  3 

4 

5 

6  7  8 

PS/PO 

0.906 

0.907  0.894 

i  0.861 

0.845 

0.858  0.860  0.868 

AX  POS 

9 

10  11 

12 

13 

14  15  16 

PS/PO 

0.550 

0.550  0.550  0.911 

0.901 

0.887  0.860  0.838 

PT60  = 

0.95528 

DC60  =  0.15045  PT60PS  =  66 

PTAV  =  0.96396 

PVAV  = 

0.05766 

PSAV  =  0.90630  RO  = 

0.06910 

EPS  =  0.99198 

MOOT  = 

0.86007 

B  =  1007.700  TA  = 

288.25 

DP  =  5.25 

PI  =  29.70  T1 

=  20.00  Ptu  =  101.277  XMDOT 

=  0.14418 

Figure  8:  An  example  of  a  printed  ou^ut  of  a  test  summary  produced  by 
CAUIN. 
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